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© Process for production of polyamide, polyamide produced by said process, and polyamide film or 
sheet. 



© A process for the production of a polyamide, which comprises polycondensing adipic acid prepared 
" by nitric acid oxidation and containing 1 ppm by weight or less of a free mineral acid as an impurity with 
a diamine represented by formula (I) 

H 2 N-CH 2 -R-CH2-NH 2 (I) 
wherein R denotes a linear or branched alkylene group having 2 to 10 carbon atoms, an m-phenylene 
group, a p-phenylene group, a 1 ,3-cyclohexylerie group or a 1,4-cyclohexylene group; a polyamide 
produced by said process ; and a film or sheet made of the above polyamide. 
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Background of the Invention 
Field of the Invention 

5 This invention relates to a process for the production of a polyamide containing smaller amounts of gel- 

like substances, a polyamide containing smaller amounts of gel-like substances, which is produced by this proc- 
ess, and a film or sheet made of the polyamide containing smaller amounts of gel-like substances. 

Prior Ar t 

10 

As a general process for producing a high-molecular-weight polyamide using adipic acid as a dicarboxyltc 
acid component, there are a process in which an aqueous solution of a salt of adipic acid and a diamine is 
formed and heated under increased pressure, and polycondensation is conducted while removing water 
formed, and a process in which adipic acid is heat-melted to form an adipic acid solution and while adding drop- 
15 wise a diamine to the adipic acid solution, polycondensation is conducted by removing water formed. 

The above adipic acid as a starting material to produce the polyamide is industrially prepared by oxidating 
cyclohexanol or a mixture (KA oil) of cyclohexanone and cyclohexanol with nitric acid. 

Crude adipic acid obtained by nitric acid oxidation is purified by washing with water. The thus obtained 
adipic acid as a product contains 4 to 1 0 ppm by weight of free nitric acid. Said adipic acid sometimes contains 
20 the other mineral acid used together with nitric acid in the nitric acid oxidation, e.g., hydrochloric acid, in a 
free form in an amount of 4 to 1 0 ppm based on the total amount of it and nitric acid. 

Summary of the Invention 

25 The present inventors have found that large amounts of gel-like substances which are called fish-eye in 

some case are present in a polyamide produced by the above process using as a starting material adipic acid 
prepared by nitric acid oxidation and containing free mineral acid in the above concentration as well as in a 
film made of such polyamide. 

According to further findings of the present inventors, the gel-like substances cause a film to be broken 
30 in producing a biaxially oriented polyamide film by biaxially stretching an unstretched film. This decreases a 
commercial value of the polyamide. Moreover, the gel-like substances, when present in the polyamide film, 
impair an appearance of the film and decrease its commercial value! 

It is an object of this invention, therefore, to provide a process for the production of a polyamide containing 
smaller amounts of gel-like substances and having a higher commercial value by using as a starting material 
35 adipic acid prepared by nitric acid oxidation. 

Another object of this invention is to provide a polyamide containing smaller amounts of gel-like substances 
and having a higher commercial value, which polyamide is produced by the above process. 

Still another object of this invention is to provide an unstretched film or sheet made of the above polyamide, 
containing smaller amounts of gel-like substances and less likely to cause breakage even when stretched. 
40 The other object of this invention is to provide an unstretched or stretched film or sheet made of the above 

polyamide, containing smaller amounts of gel-like substances and not impairing an appearance. 

In accordance with this invention, there is first provided a process for the production of a polyamide, which 
comprises polycondensing adipic acid prepared by nitric acid oxidation and containing 1 ppm by weight or less 
of a free mineral acid as an impurity with a diamine represented by formula (1 ) 
45 H 2 N-CH 2 -R-CH 2 -NH 2 (1) 

wherein R denotes a linear or branched alkylene group having 2 to 10 carbon atoms, a m-phenylene 
group, a p-phenylene group, a 1,3-cyclohexylene group or a 1,4-cyclohexylene group. 

In accordance with this invention, there is secondly provided a polyamide produced by the above process. 
In accordance with this invention, there is thirdly provided a film or a sheet made of the above polyamide. 
so The aforesaid objects of this invention are achieved by these inventions. 

The inferred reason why the amount of the gel-like substance present in the produced polyamide is re- 
duced by making 1 ppm or less the amount of the free mineral acid in adipic acid prepared by the nitric acid 
oxidation to produce the polyamide will be described below. 

That is, it is inferred that the free mineral acid present in adipic acid in an amount of 4 to 1 0 ppm promotes 
55 a crosslinking reaction in the polycondensation reaction of adipic acid with the diamine, resulting in formation 
of large amounts of gel-like substances in the polyamide, and that when the free mineral acid is present in an 
amount of 1 ppm or less, the crosslinking reaction is suppressed to decrease the amounts of the gel-like sub- 
stances in the polyamide. 
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This invention will be described in more detail below, and the other objects and advantages of this invention 
can thereby be understood. 

Detailed Description of the Invention 

Adipic acid used in this invention is prepared by oxidating cyclohexanof or a mixture of cyclohexanone and 
cyclonexanol with nitric acid in the presence of a catalyst such as mercury sulfate, ammonium vanadate or a 
copper salt, and contains 1 ppm by weight or less, preferably 0.8 ppm by weight or less, of free mineral acid. 

Examples of the mineral acid contained in adipic acid produced by nitric acid oxidation are mineral acids 
used in nitric acid oxidation, such as nitric acid, hydrochloric acid, sulfuric acid and boric acid. 

The free mineral acid in this invention means a mineral acid not forming a salt or/and a mineral acid forming 
a salt with an amine. Regarding the mineral acid that forms the salt with the amine, the amount of the free 
mineral acid is calculated on condition that said mineral acid does not form the salt 

Adipic acid prepared by nitric acid oxidation is commercially available. The commercially available adipic 
acid, however, generally contains 4 to 10 ppm by weight of the free mineral acid. When such commercially avail- 
able adipic acid is used as a starting material to produce the polyamide, therefore, a step to reduce the amount 
of the free mineral acid to 1 ppm or less is carried out. 

As the method to reduce the amount of the free mineral acid in adipic acid, a method can be taken in which 
an alkali metal compound or an alkaline earth metal compound is added to adipic acid to convert the free min- 
eral acid into an alkali metal salt or an alkaline earth metal salt 

Examples of the alkali metal compound are alkali metal hydroxides such as sodium hydroxide, potassium 
hydroxide and lithium hydroxide, alkali metal salts of organic carboxylic acids such as sodium formate, potas- 
sium formate, sodium acetate and potassium acetate, sodium hydrogencarbonate and sodium carbonate. Of 
these, sodium hydroxide and sodium acetate are preferable. 

Examples of the alkaline earth metal compound include calcium hydroxide and magnesium hydroxide. 

These alkali metal compounds and alkaline earth metal compounds can be used either singly or in com- 
bination. 

Another method to reduce the amount of the free mineral acid in adipic acid can be a method in which 
commercially available adipic acid is repeatedly vigorously washed with water. 

Thediamine to be polycondensed with adipic acid is the diamine of formula (1). Specific examples of the 
diamine^are a, ©-aliphatic diamines having 4 to 12 carbon atoms, such as tetramethylehediamine and hexam- 
ethylenediamine; m-xylylenediamine: p-xylylenediamine; 1,3-bisaminomethylcyclohexane; 1,4-bisaminome- 
thylcyclohexane; and mixtures thereof. 

According to this invention, the polyamide can be produced from adipic acid containing 1 ppm or less of 
the free mineral acid and the diamine by a method known per se, for example, a method in which an aqueous 
solution of a salt of adipic acid and the diamine is prepared and heated under increased pressure, and poly- 
condensation is conducted while removing water formed, or a method in which adipic acid is heat-melted to 
form an adipic acid solution, and while adding dropwise a diamine to the adipic acid solution, polycondensation 
is conducted by removing water formed. 

A relative viscosity (measured at 25°C in a 96 % cone, sulfuric acid solution in a concentration of 1 g/100 
ml) of the polyamide obtained by the above method is about 1 .6 to 4.5. 

A higher-molecular-weight polyamide can be obtained by conducting the polycondensation upon making 
the polycondensation time longer, or decreasing, to a more extent, a water vapor pressure of a gaseous phase 
which is in contact with the molten polyamide, or by, after the above polycondensation, once pelletizing the 
product, heating the pellets under reduced pressure, and conducting polymerization in a solid phase. In this 
manner, the higher-molecular-weight polyamide having the relative viscosity of about 2 to 7.5 can be produced. 

In order to prevent coloring of the polyamide in the polycondensation, it is possible to aidd a coloring-pre- 
venting agent such as a hindered phenol, a hindered amine, phosphorous acid, hypophosphorous acid, or their 
salts and esters. 

The thus obtained polyamide of this invention contains smaller amounts of gel-like substances. 

An unstretched or stretched film or sheet can be prepared from the polyamide of this invention, preferably 
the relatively higher-molecular-weight polyamide having the relative viscosity of 2.0 to 7.5, by a method known 
per se. For instance, the unstretched film or sheet can be prepared from the polyamide of this invention by 
melt-extrusion. Further, a biaxially oriented film or sheet can be produced by biaxially stretching the unstretch- 
ed film or sheet stably without a trouble such as breaking of the film or sheet. Still further, a biaxially oriented 
film can be prepared by forming a tube with an extruder equipped with a cylindrical die and blowing a gas, 
e.g., air into the tube. In this tube-making, such a trouble that the tube breaks at the air-blowing step hardly 
occurs. 
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In the film or sheet made of the polyamide of this invention, the number of the gel-like substances each 
having a size of 50 jam or more is as small as 1 ,500 pieces/m 2 or less. Accordingly, the film or sheet can have 
excellent appearance. 

The unstretched or stretched film or sheet made of the polyamide of this invention has usually a thickness 
of 3 to 3,000 um or more, and can be suitably used for the ordinary usage of the polyamide film. 

The following Examples and Comparative Example illustrate this invention specifically. 

The relative viscosity and the number of gel-like substances shown in the Examples were measured by 
the following methods. 

(1) Relative viscosity: 

A polyamide sample was measured for its relative viscosity at 25°C in a 96 % cone, sulfuric acid as a 
mesuring solvent in a concentration of 1 g/1 00 ml. 

(2) Number of gel-like substances: 

Using a magnifying projector, a 100 mm-square portion of an unstretched film was magnified and pro- 
jected. The numbers of gel-like substances having a size of at least 50 urn but less than 100 urn, a size 
of at least 100 urn but less than 200 urn, and a size of at least 200 urn were measured with an unaided 
eye. 

In this measurement the largest diameter of the gel-like substance was made the size thereof. 
Example 1 

Adipic acid (10 kg, 68.4 mols) prepared by nitric acid oxidation and containing 0.6 ppm of free nitric acid 
was charged into a 50-liter stainless steel reaction vessel, and melted under heating at 170°C. After the heat- 
melting, 9.3 kg (68.4 mols) of rn-xylylenediamine was gradually added dropwise, and the inner temperature 
was raised to 240°C. The time of the dropwise addition was 2.5 hours. 

After the addition, the temperature inside the reaction vessel was raised to 260°C, and the reaction con- 
tinued at 260°C for 20 minutes. At this temperature elevation, when the temperature reached 250°C, the pres- 
sure inside the reaction vessel was reduced. After t he reaction was terminated, the pressure inside the reaction 
vessel was increased slightly above atmospheric pressure with nitrogen, and strands were extruded from a 
die head having 5 holes and peHetized with a pelletizer. 

The obtained pellets were charged into a 150-liter tumbler, and polymerization was carried out in a solid 
phase at 205°C under reduced pressure for 2 hours. The resulting poly-m-xylylene ad ipamide had a relative 
viscosity of 3.70 and a number average molecular weight of 42,000. 

The poly-m-xylylene adipamide was extruded with an extruder equipped with a T-die to form a 50 um- 
thickfilm. 

the number of gel-like substances in the obtained film was measured with the result shown in Table 1. 

A 300 urn-thick unstretched sheet was prepared in the same manner as above. Astretchability of this sheet 
was excellent, and a 20 uirvttiick biaxially oriented film could be prepared from this sheet with a biaxial stretch- 
ing machine without any trouble. 

Example 2 

Adipic acid (10 kg, 68.4 mols) prepared by nitric acid oxidation and containing 4 ppm of free nitric acid, 
7.95 kg (68.4 mols) of hexamethylenediamine, 3.0 g of sodium hydroxide and 10 kg of water were charged 
into a 50-liter stainless steel reaction vessel to form an aqueous solution containing hexamethylene diammo- 
nium adipate (AH salt) dissolved therein. In the aqueous solution, free nitric acid was present in an amount of 
0.3 ppm by weight based oh the adipic acid charged. 

Then, while taking care not to cause precipitation of the AH salt, the above aqueous solution was concen- 
trated at 150°C under slightly increased pressure until the concentration of the AH salt reached 80 %. 

Subsequently, the reaction vessel was closed, and heated until the temperature inside the reaction vessel 
reached 250°C, and the reaction was successively conducted at 250°C under pressure of 15 atm for 2 hours. 

Heating further continued, and the pressure was returned to normal pressure while releasing the water 
vapor of the reaction vessel outside thereof, followed by increasing the temperature inside the reaction vessel 
to 280°C. 

The reaction continued under normal pressure for 20 minutes, arid melt-polymerization was terminated. 
The pressure inside the reaction vessel was then increased slightly above atmospheric pressure, and strands 
were extruded from a die head having 5 holes and pelletized with a pelletizer. The obtained pellets were 
charged into a 150-liter tumbler, and polymerization was performed in a solid phase at 200°C under reduced 
pressure for 2 hours. The resulting polyhexamethyfene adipamide had a relative viscosity of 4.5 and a number 
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average molecular weight of 42,000. 

Said polyhexamethylene adipamide was extruded with an extruder equipped with a T-die to produce a 50 
unvthick f ilm. 

The number of gel-like substances of the resulting film was measured with the result shown in Table 1 . 

Further, a 300 urn-thick unstretched sheet was prepared in the same way as above. Astretchability of this 
sheet was excellent, and a 20 jim-thick biaxially oriented film could be prepared from this sheet with a biaxial 
stretching machine without any trouble. 

Example 3 

Adipic acid (10 kg, 68.4 mols) containing 2.6 ppm of free nitric acid and 3.4 g of sodium acetate were 
charged into a 50-liter stainless steel reaction vessel, and heated at 170°C to melt adipic acid, in the molten 
adipic acid, free nitric add was present in an amount of 0.5 ppm. In the same way as in Example 1, 9.3 kg 
(68.4 mols) of m-xylylenediamine was added, and melt-polymerization and polymerization in a solid phase were 
carried out. The resulting poly-rrvxylylene adipamide had a relative viscosity of 3.70 and a number average 
molecular weigh of 42,000. 

This polyamide was extruded from an extruder equipped with a T-die to prepare a 50 urn-thick film. The 
number of gel-like substances of the obtained film was measured with the result shown in Table 1. 

A 300 um-thick unstretched sheet was prepared in the same way as above. A stretchability of this sheet 
was excellent, and a 20 uirvthick biaxially oriented film could be prepared from this sheet with a biaxial stretch- 
ing machine without any trouble. 

Comparative Example 1 

Example 3 was repeated except that sodium acetate was not added to produce poly-rrvxylylene adipamide 
having a relative viscosity of 3.7 and a number average molecular weight of 42,000. 

The number of gel-like substances of an unstretched T-die film made of this polyamide is shown in Table 

1. 

A stretchability of the unstretched sheet was poor compared to that of the sheet in Example 3. 

Atthe time of stretching, the four of ten sheets were broken. A large number of fish eyes considered to be 
attributable to the gel-like substances were observed on the surface of the stretched film which could be 
stretched without breakage, and an appearance of the stretched film was poor. 



Table 1 



Number of gel-like substances (pieces/m 2 ) 




Gel size (um) 




At least 200 


Al least 100 but less than 200 


At least 50 but less than 100 


Example 1 


40 


170 


1200 


Example 2 


50 


150 


1100 


Example 3 


45 


200 


1200 


Comparative Example 1 


1500 


11000 


83000 



From the results shown in Table 1, it is apparent that the polyamide film of this invention contains extremely 
small amounts of the gel-like substances. 



Claims 

1 , A process for the production of a polyamide, which process comprises polycondensing (i) adipic acid pre- 
pared by nitric acid oxidation and containing 1 ppm by weight or less of a free mineral acid as an impurity 
with (ii) a diamine represented by formula (I) 

H 2 N-CH 2 -R-CH 2 -NH 2 (I) 
wherein R denotes a linear or branched alkylene group having 2 to 10 carbon atoms, an m-phenylene 
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group, a p-phenylene group, a 1 ,3-cyclohexylene group or a 1,4-cydohexylene group. 

2. The process of claim 1 wherein the adipic acid containing 1 ppm by weight or less of the free mineral acid 
is formed by neutralizing with an alkali metal compound or an alkaline earth metal compound, adipic acid 
prepared by nitric acid oxidation. 

3. The process of claim 2 wherein the unneutralized adipic acid prepared by nitric acid oxidation contains 
the free mineral acid as an impurity in an amount exceeding 1 ppm by weight 

4. A process according to any one of claims 1 to 3 wherein the polyamide produced has a relative viscosity 
measured at 25°C in a 96% cone, sulfuric acid solvent in a concentration of 1 g/100 ml of 1 .6 to 7.5. 

5. A process for preparing a polyamide film or sheet comprising preparing a polyamide by a process as 
claimed in any one of claims 1 to 4 and forming a film or sheet from said polyamide. 

6. A process according to claim 5 wherein in the film or sheet formed the number of gel-like substances each 
having a size of 50 nm or more is 1500 pieces/m 2 or less. 

7. A process according to claim 5 or 6 which comprises forming a film or sheet having a thickness of 3 to 
3000 .pm. 

8. A process according to any one of claims 5 to 7 in which the film or sheet is stretched. 

9. A polyamide obtainable by the process of any one of claims 1 to 4. 

10. A film or sheet obtainable by the process of any one of claims 5 to 8. 
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